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ABSTRACT 
A Continuous coating apparatus to prepare sterilizable battery 
separators has been built, tested and put into the production of several 
feet of separator material which exhibited satisfactory properties. 
The effect of time of Fmmersion in extractant solution upon separator 
composites has been investigated using formulations in which the filler 
was either Zeolon H or coarse Zirconia. 
contained dioxane. 
properties and time of immersion. 
The best extracting solutions 
Genera- no correlation was found between separator 
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I. INTRODUCTION 
This  Quar te r ly  Report covers t h e  work performed during t h e  
pe r iod  J u l y  1 t o  September 30, 1967.  The e f f o r t  expended during t h i s  
time and r epor t ed  he re  inc ludes  three  main top ic s :  
1. Col l ec t ing  t h e  necessary i n g r e d i e n t s  and organiz ing ,  
s e t t i n g  up and improving t e s t i n g  and manufacturing 
appara tuses .  
2 .  I n v e s t i g a t i n g  the  effect of immersion t i m e  i n  a va- 
r i e t y  of e x t r a c t i n g  s o l u t i o n s  upon s e p a r a t o r  mate- 
r ia l s  made from d i f f e r e n t  formula t ions .  
3 .  Carrying ou t  continuous coa t ing  runs  us ing  narrow 
Webril t ape ,  with t h e  a i m  of e s t a b l i s h i n g  cri teria 
f o r  t h e  cont inuous production of one f o o t  wide sep- 




On t h e  b a s i s  of previous f i n d i n g s  i t  w a s  decided t o  make sep- 
a r a t o r  materials c o n s i s t i n g  of a support ing t a p e  coa ted  by a polymer: 
i no rgan ic  f i l l e r :  so lven t  mixture. The chosen t a p e  w a s  Webril  (Kendall  
F ibe r  Product D iv i s ion ) ,  which i s  a non-woven polypropylene f a b r i c  wi th  
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a nominal thickness  of 1.4-1.5 m i l s .  Two hundred yards  of 1 2  inch wide 
Webril (SM1262) were acqui red ,  and samples f o r  coa t ing  and t e s t i n g  are 
a t  p r e s e n t  obtained from t h e  o r i g i n a l  r o l l  by s l i c i n g  i t  i n t o  3 inch  
wide s e c t i o n s ,  used e s p e c i a l l y  i n  t h e  continuous runs .  This  material  
seems e n t i r e l y  s a t i s f a c t o r y  from t h e  p o i n t s  of view of s t r e n g t h ,  poros- 
i t y  and c o a t a b i l i t y .  Since c u t t i n g  t h i s  material i n t o  narrower widths  
produces uneven edges, 3 inch  wide Webril t a p e  w i l l  be  ordered.  
The Kendall  Company o f f e r s  many o t h e r  types of f a b r i c s ;  they  
w i l l  be  inves t iga t ed  i f  t h e  r e s u l t s  of t h e  p re sen t  work warrant  i t .  
1 . 2  F i l l e r s  
Inorganic  f i l l e r s  were chosen t o  a c t  both as r e i n f o r c i n g  
agents  and as po ros i ty  f o c i ;  on t h e  b a s i s  of prev ious  work t h e  most pro- 
mising inorganic  f i l l e r  was hydrated z i r c o n i a  suppl ied  by t h e  Bio Rad 
Company i n  100-200 mesh p a r t i c l e  s i z e  (H20-1 i o n  exchange c r y s t a l s ,  
$25/ lb) .  However t h i s  material ,  which w a s  ordered l a s t  J u l y ,  has  no t  
y e t  been received.  
t h e  same company ($12/ lb) ,  and t h i s  material, which l o s e s  20% of i t s  
weight on heat ing f o r  20 hours  i n  runs  a t  l l O ° C ,  w a s  s u c c e s s f u l l y  used 
i n  s e v e r a l  formulations.  
I n  i t s  p l a c e  some 20-50 mesh z i r c o n i a  w a s  s e n t  by 
Another type  of z i r c o n i a  w a s  purchased and t e s t e d ,  namely 
s p e c i a l "  hydrous form Zr02" from t h e  Titanium Alloy Div is ion ,  Nat iona l  
This  f i l l e r  conta ined  a l a r g e  amount of absorbed 
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Lead Company ($3 / lb ) .  
water; i n  f a c t  38.5% of t h e  f i l l e r ' s  weight w a s  l o s t  a f t e r  hea t ing  f o r  
18 h r s  a t  180°C i n  runs.  The TAM z i r c o n i a  as w e l l  w a s  used success-  
f u l l y  as a f i l l e r  i n  s e p a r a t o r  coa t ing  formula t ions .  
w a s  a l s o  used s a t i s f a c t o r i l y  i n  coa t ing  formula t ions  (weight l o s s  i s  
11.1% a f t e r  heat ing a t  120°C f o r  18 hours ) ;  however, i n  view of t h e  
f a c t  t h a t  Zeolon H w a s  found t o  be  more s o l u b l e  i n  concent ra ted  c a u s t i c  
than  hydrated z i r c o n i a ,  t h e  work done us ing  Zeolon w a s  mainly c a r r i e d  
out  f o r  p r a c t i c e  and t o  s e t t l e  some procedura l  p o i n t s .  
Zeolon H pigment 
It  must be  noted t h a t  drying of any of t h e  f i l l e r s  mentioned 
above, and prolonged b a l l  m i l l i n g  i n  t h e  presence  of t h e  b inder  
s o l u t i o n ,  are of paramount importance i f  one wishes t o  o b t a i n  smooth 
coa t ings  of reproducib le  q u a l i t y .  
1 . 3  Organic polymeric b inders  
The polymer used previously wi th  b e s t  r e s u l t s  as a s e p a r a t o r  
b inder  has  been a polysul fone  (P1700) suppl ied  i n  p e l l e t  form by t h e  
Union Carbide Company. This  material c o n s i s t s  of aromatic  r i n g s  con- 
nected t o  each o the r  by e t h e r ,  isopropyl idene and su l fone  l inkages .  
While t h e  su l fone  and e t h e r  l i n k s  a r e  known t o  be  r e s i s t a n t  t o  thermal 
and ox ida t ive  a t t a c k  and t o  the  a t t a c k  of concent ra ted  a l k a l i ,  t h e  
i sopropyl idene  group c o n s t i t u t e s  a weak po in t  i n  t h e  polymer cha in  i n  
t h i s  r e s p e c t .  
po lysu l fone  (polymer 380) which the 3M company has  been supplying i n  
l i m i t e d  q u a n t i t i e s  and which c o n s i s t s  of t h e  usua l  aromatic  cha in  wi th  
e t h e r ,  su l fone  and diphenyl  l inkages without  t h e  r e l a t i v e l y  l a b i l e  
i sopropyl idene  group. This  m a t e r i a l  w a s  suppl ied  t o  us  i n  t h e  form of a 
t h i n  f i l m  which d i s s o l v e s  i n  DMAC r e l a t i v e l y  e a s i l y  and w i l l  be  used as 
t h e  b inder  i n  some f u t u r e  prepara t ion .  
polymer 360 ( i n  p e l l e t s  o r  i n  powder form), which is similar t o  Polymer 
380 bu t  is  reputed t o  have a lower molecular weight.  
c o s t s  about  $30/ lb  i n  developmental q u a n t i t i e s  and samples have been 
acqui red  f o r  t e s t i n g .  
Therefore  w e  were i n t e r e s t e d  i n  acqu i r ing  a sample of a 
The 3 M  company a l s o  makes 
This  material 
1 .4  Formulations 
A l l  t h e  coa t ing  formulat ions r epor t ed  h e r e  w e r e  made us ing  
polysul fone  s o l u t i o n s  c o n s i s t i n g  of 15g of po lysul fone  per  lOOg of DMAC. 
The d r i e d  oxide is  added t o  t h e  so lu t ion  i n  20:15, 30:15, and 45:15 
r a t i o s  ( o r  1:33, 2:1, and 3 : l )  between t h e  f i l l e r  and t h e  s o l i d  polymer. 
For example, a formula t ion  may c o n s i s t  of 80g of d r i e d  z i r c o n i a  i n  460g 
of po lysul fone  s o l u t i o n  (containing 60g of t h e  b i n d e r ) ,  so  t h a t  t h e  
f i l 1 e r : b i n d e r  r a t i o  i n  t h i s  case is 20:15. This  amount of material is  
g e n e r a l l y  s u f f i c i e n t  f o r  one continuous run of several dozen f e e t ;  
however, when experimental  runs are longer ,  t h e  p r a c t i c e  has  been t o  u s e  
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f r e s h  batches as  o f t e n  as p o s s i b l e  because t h e  s o l v e n t  i s  very  hydro- 
p h i l i c  and e x h i b i t s  a r e l a t i v e l y  h igh  vapor p re s su re ,  thereby causing 
t h e  premature p r e c i p i t a t i o n  o r  coagula t ion  of t h e  b inde r .  
2. Continuous Coating Apparatus 
Figure lA shows a ske tch  of t h e  cont inuous coa t ing  machine 
b u i l t  dur ing t h e  p a s t  month. 
frame which is f a s t ened  t o  a movable p la t form.  
wound around t h e  payoff r o l l e r  and i s  kept  under t e n s i o n  by a f r i c t i o n  
brake 2. The t ape  then  passes  through an  arrangement c o n s i s t i n g  of an 
8 inch  long Gardner f i l m  c a s t i n g  k n i f e  5 and a 9 inch  long aluminum 
ang le  6 one edge of which i s  bu t t ed  lengthwise,  a t  a n  angle ,  a g a i n s t  t h e  
edge of t h e  Gardner a p p l i c a t o r ' s  kn i f e .  This  set-up se rves  t o  a d j u s t  
wi th  g r e a t  accuracy t h e  gap through which t h e  t ape  s lowly t ravels  and 
which l i m i t s  t h e  amount of b i n d e r : f i l l e r : s o l v e n t  mix 4 t o  be depos i ted  
on t h e  tape.  
t h e  Gardner kn i f e ,  t h a t  they w i l l  make t o  o rde r  i d e n t i c a l  knives  i n  
l a r g e r  s i z e s ;  a t  t h e  a p p r o p r i a t e  t i m e  a c a s t i n g  k n i f e  a b l e  t o  accomodate 
1 2  inch  wide t ape  w i l l  be  ordered and w i l l  be incorpora ted  i n  t h e  con- 
t inuous coa t ing  machine. 
The whole set-up i s  mounted on a suppor t ing  
The Webril  t ape  3 i s  
It w a s  a s c e r t a i n e d  from t h e  company which manufacturers  
The coated t a p e  then  d i p s  i n t o  tank  8 ,  being l e d  p a r a l l e l  t o  
t h e  bottom of t h e  tank by two 1 / 2  inch Teflon gu ide  rods  7 .  
f i l l e d  wi th  the  appropr i a t e  so lven t  mixture  which p r e c i p i t a t e s  t h e  
organic  binder ou t  of i t s  DMAC s o l u t i o n  and, a t  t h e  same t i m e ,  e x t r a c t s  
t h e  DMAC so lvent  thus  causing po ros i ty  t o  be  formed i n  t h e  b i n d e r : f i l l e r  
l a y e r .  
t h e  many parameters governing t h e  du ra t ion  of t h e  d i p  of t h e  t ape  and, 
t h e r e f o r e ,  the degree of po ros i ty  of t h e  s e p a r a t o r .  
The tank i s  
The p o s i t i o n  of t h e  two rods 7 r e l a t i v e  t o  each o the r  i s  one of 
The t r e a t e d  t a p e  then  leaves  tank  8 and t r a v e l s  between two 
r o l l e r s  9 the gap between which can be ad jus t ed .  
exer ted  cont inuously upon t h e  composite t o  improve i t s  conduc t iv i ty .  
F i n a l l y ,  t he  t r e a t e d  s e p a r a t o r  t ape  i s  r o l l e d  up by a 2 inch  diameter 
t ake  up r o l l e r  d r iven  by a h igh  torque,  l o w  speed motor. 
Thus p re s su re  can be 
I n  t h e  course  
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of some pre l iminary  runs  wi th  t h i s  continuous coa t ing  machine i t  w a s  
found t h a t  t h e  t r e a t e d  t ape  w a s  not completely dry  as i t  wound around 
t h e  t ake  up r o l l e r ;  i n  a d d i t i o n ,  the s o l v e n t  mixture  i n s i d e  tank  8 
became contaminated by fragments and f l o a t i n g  d e b r i s  from t h e  coa t ing  
mix. To combat t h e s e  two drawbacks, h e a t e r s  have been i n s t a l l e d  on 
e i t h e r  s i d e  of t h e  t a p e  halfway between t h e  compression r o l l e r s  9 and 
t h e  take up r o l l e r  10, and a c i r c u l a t i n g  pump equipped w i t h  f i l t e r  has  
been i n s t a l l e d  a t  tank  8. 
should be g iven  t o  monitoring t h e  composition of t h e  so lven t  mixture  i n  
t h e  tank  s o  as t o  keep t h e  ingredien t  propor t ions  cons t an t .  
On a l a rge  scale ope ra t ion  cons ide ra t ion  
3 .  Effec t  of Ex t r ac t ion  Time 
The manner i n  which t h e  coated t a p e  acqu i r e s  i t s  p o r o s i t y  is  
envis ioned as being a r e s u l t  of a c a p i l l a r y  e x t r a c t i o n  of  t h e  so lven t ,  
o r i g i n a l l y  p re sen t  i n  t h e  coa t ing  mixture ,  by a n  e x t r a c t a n t  s o l u t i o n .  
A simultaneous e f f e c t  of t h e  immersion i n  t h e  e x t r a c t i n g  ba th  i s  t h e  
coagula t ion  o r  p r e c i p i t a t i o n  of the organic  b inder  t o  g i v e  a polymeric 
coa t ing  which appears  continuous to  t h e  naked eye.  
Since t h e  po ros i ty  acquired by t h i s  method i s  a l s o  dependent 
on t h e  type,  concen t r a t ion ,  p a r t i c l e  s i z e  of t h e  inorganic  f i l l e r ,  i t  
is  conceivable  t h a t  both time of immersion and type and concen t r a t ion  
of e x t r a c t i n g  s o l u t i o n s  
d i f f u s i o n  c h a r a c t e r i s t i c s  of separa tor  composites. 
have a bearing on t h e  r e s i s t i v i t y  and ion  
Therefore  t h e  e f f e c t  of time of e x t r a c t i o n  i n  s e v e r a l  types  
of e x t r a c t i n g  s o l u t i o n s ,  as evidenced by t h e  v a r i a t i o n  of r e s i s t i v i t y  
and i o n  d i f f u s i o n  va lues ,  w a s  i nves t iga t ed .  
3 .1  Procedure 
The coa t ing  device  cons is ted  of two s t a i n l e s s  s t e e l  shimstock 
b l ades  set edge on edge a t  a predetermined d i s t a n c e  from each o the r  and 
secured  by screws t o  a common handle. 
i n  t h e  gap between t h e  b lades  and is  he ld  i n  a v e r t i c a l  p o s i t i o n ;  
The p i e c e  of Webril  i s  i n s e r t e d  
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s e v e r a l  por t ions  of t h e  coa t ing  mix are poured on t h e  b lades  on e i t h e r  
s i d e  of t h e  handheld Webril sample, which is then pu l l ed  down slowly 
and evenly.  
s i d e  by a smooth, even coa t  whose th ickness  is  determined by t h e  gap 
between t h e  blades.  It  i s  of paramount importance t h a t :  (1) t h e  
coa t ing  mixture be con t inua l ly  a g i t a t e d  t o  prevent  s e t t l i n g  of f i l l e r  
( t h i s  is usua l ly  done magnet ica l ly) ;  (2)  t h a t  new coa t ing  mixtures  be 
made f r equen t ly  i n  o rde r  t o  avoid problems due t o  evapora t ion  of so lven t ;  
(3 )  t h a t  a f t e r  each coa t ing  t h e  b lades  and t h e  gap be cleaned c a r e f u l l y ,  
s i n c e  t h e  polysulfone r e s i n  e a s i l y  s o l i d i f i e s  ou t  of s o l u t i o n  thereby 
causing rough coa t ings  on t h e  next  sample. 
This  a c t i o n  causes  t h e  Webril  t a p e  t o  be covered on e i t h e r  
The procedure mentioned above, l abo r ious  though i t  i s ,  does 
supply coated samples of re la t ive  uniform th icknesses  possess ing  good 
c o n t i n u i t y .  
do n o t  seem t o  cause t roub le .  
y i e l d s  a coat ing mixture  which i s  f l u i d  enough s o  t h a t  a i r  bubbles r ise  
and disappear  e a s i l y ;  i t s  v i s c o s i t y  g ives  smooth and cont inuous coa t ings  
i n  a r e l a t i v e l y  uniform manner. 
A i r  bubbles i n  t h e  o r i g i n a l ,  magnet ica l ly  a g i t a t e d  mixture  
The i n g r e d i e n t  composition r a t i o  chosen 
Af ter  t he  Webril sample is coated,  i t  i s  then  e x t r a c t e d  f o r  
t h e  r equ i r ed  l eng th  of t i m e  i n  t h e  predetermined e x t r a c t a n t . s o 1 u t i o n .  
The la t te r  s o l u t i o n s  were made t o  a t o t a l  volume of 600 c c  each and are 
contained i n  wide mouth, screw cap jars. The j a r s  con ta in ing  samples 
designed t o  be  e x t r a c t e d  f o r  a r e l a t i v e l y  long t i m e  are shaken vigor-  
ous ly  from time t o  time. 
samples are removed from t h e  jars ,  d r i e d  g e n t l y  between s h e e t s  of 
absorbent  paper, t h e i r  th ickness  measured i n  f i v e  p o s i t i o n s ,  and then  
they are s to red  between paper s h e e t s  under a l i g h t  weight t o  prevent  
c u r l i n g .  
A t  t h e  end of t h e  e x t r a c t i o n  time t h e  coated 
Each e x t r a c t i o n  run is  made i n  d u p l i c a t e .  
The shim s t o c k  b l ade  gap chosen w a s  3 m i l s ;  p rev ious  a t tempts  
with 6 m i l  gap r e s u l t e d  i n  the  mixture  running unevenly down t h e  Webril 
sample. 
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3.2 Extraction Schedule 
The following is the schedule followed for the investigation 
of extraction time effect: 
1. Time of extraction: lminute, 30, 120 and 360 minutes 
2. Extraction solutions (by volume) 








75: 25 Water :Dioxane 
50:50 Water:Acetic acid 
25:75 Water:Acetic acid 
75:25 Water:Acetic acid 
Samples were coated and air-dried (instead of being extracted) 
to be used as standards. 
3.3 Measurements 
Resistivity Measurements 
It was early noticed that some of the experimental composites 
had such a high resistance that it was not possible to measure them 
using the more sensitive dc or ac tests described previously. Accordingly, 
a simplified tester was used which indicates the resistance by the mea- 
sured potential across a cell when a current flows between electrodes. 
The test circuit consists of a battery, a variable resistance, a volt- 
meter and a milliammeter. When the current is set at 10 ma, each volt 
on the meter corresponds to 100 ohms; this renders the estimate of 
composite resistance fairly quick. All the samples were presoaked in 
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40% KOH f o r  24 hours ,  and t h r e e  p o s i t i o n s  on each sample were measured 
f o r  r e s i s t a n c e .  N o  sample w a s  p ressed .  
E l e c t r o l y t e  Di f fus ion  T ime  
The degree o r  e x t e n t  of d i f f u s i o n  of hydroxyl i ons  through t h e  
coated membranes g ives  an  i n d i c a t i o n  of whether t h e r e  are r e l a t i v e l y  
l a r g e  uncoated po r t ions  on t h e  composite, o r  whether t he  permeabi l i ty  
of t h e  membranes is  too  low. The measurement of such a parameter i s ,  i n  
o t h e r  words, a q u a l i t y  c o n t r o l  test .  This  test w a s  c a r r i e d  out  by 
measuring as a func t ion  of time, t h e  i n c r e a s e  i n  pH u n i t s  i n  a c e l l  
i n i t i a l l y  f u l l  of d i s t i l l e d  water and sepa ra t ed  from another  c e l l  
i n i t i a l l y  f u l l  of 40% KOH by an  experimental  s e p a r a t o r  membrane. 
3 . 4  Resul t s  and Discussion 
3 . 4 . 1  Zeolon H-containing Formulations 
The formulat ion used w a s  Zeolon H:PS:DMAC (20:15:100) coated  
on nominal 1.5 m i l  Webril t ape .  
T a b l e  1 presen t s  t h e  r e s u l t s  ob ta ined  from t h e  e x t r a c t i o n  time 
experiment i n  the  presence of twelve d i f f e r e n t  e x t r a c t a n t  compositions.  
This  t a b l e  g ives ,  i n  a d d i t i o n  t o  r e s i s t a n c e  and s p e c i f i c  r e s i s t i v i t y  
va lues ,  t h e  th ickness  i n  m i l s  of each coated and e x t r a c t e d  sample, t aken  
i n  f i v e  d i f f e r e n t  p o s i t i o n s  on t h e  sample .  
measure t h e  th ickness  of t h e  coated samples be fo re  t h e i r  e x t r a c t i o n ;  
however, t he  r e l i a b i l i t y  of such measurements is  very  low, because t h e  
p re s su re  of t h e  th ickness  tester p l a t e  i s  such t h a t  t h e  s t i l l  l i q u i d  
coa t ing  on the sample i s  e a s i l y  d isp laced .  
t o  arr ive a t  a r e l a t i o n s h i p  between th i cknesses  be fo re  and a f t e r  ex t rac-  
t i o n  as a func t ion  of t i m e  of e x t r a c t i o n  and type  of e x t r a c t a n t .  
An a t tempt  w a s  made t o  
It  w a s  t h e r e f o r e  impossible  
It w i l l  be  no t i ced  t h a t  t h e  column under t h e  heading "Spec i f i c  
The one on t h e  l e f t  con ta ins  R e s i s t i v i t y "  is  d iv ided  i n t o  two s e c t i o n s .  
t h e  s p e c i f i c  r e s i s t i v i t y  va lues  based on t h e  average of a l l  t h r e e  
r e s i s t a n c e  values  l i s t e d  a t  i t s  l e f t ;  t h e  column on t h e  r i g h t ,  on t h e  
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o t h e r  hand, l ists  t h e  s p e c i f i c  r e s i s t i v i t y  va lues  de r ived  from t h e  
average of t h e  -- las t  two r e s i s t a n c e  va lues  of t h e  corresponding sample. 
The reason  f o r  t h i s  d i v i s i o n  i s  tha t  of t h e  f o r t y  e i g h t  samples t e s t e d  
and r epor t ed  h e r e ,  only t h r e e  have a f i r s t  r e s i s t a n c e  reading which i s  
lower than  t h e  o the r  two (75:25 H20:DMAC). I n  a l l  t h e  o t h e r  cases t h e  
f i r s t  reading is  h igher ,  sometimes much h igher ,  than  t h e  o t h e r  two. 
Although t h i s  e f f e c t  i s  hard ly  s t a t i s t i c a l ,  i t  w a s  s u f f i c i e n t l y  f r e -  
quent  t o  l ead  us t o  t h e  con jec tu re  t h a t  poss ib ly  t h e  last two readings  
on each sample were a r e f l e c t i o n  of t h e  fact  t h a t  they had been obta ined  
af ter  t h e  sample had been squeezed between t h e  two h a l f  ce l l s  of t h e  
r e s i s t i v i t y  t es te r ;  as found some t i m e  ago, compressing o r  squeezing 
t h e  composites l e a d s  t o  lower r e s i s t i v i t y  va lues .  
Seve ra l  i n t e r e s t i n g  conclusions of a gene ra l  n a t u r e  can be  
drawn from t h e  r e s u l t s  of Table 1. 
I f  one cons iders  only the l e f t  column under "Spec i f ic  Resis- 
t i v i t y "  i t  i s  found t h a t  r e s i s t i v i t y  va lues  approaching t h e  des i r ed  
150 ohms can be found s p a r s e l y  i n  the  water:DMSO e x t r a c t a n t s ,  cons is -  
t e n t l y  i n  two of t h e  t h r e e  dioxane-containing mixtures  and i n  one of 
t h e  ace t ic -ac id-conta in ing  mixtures.  On t h e  o the r  hand, t h e  r e s i s t i v i t y  
column on t h e  r i g h t  shows favorable  r e s i s t i v i t y  va lues  f o r  a l l  main 
mixtures  except  f o r  those  containing DMAC. 
t h i ckness  of t h e  samples is  taken i n t o  account when c a l c u l a t i n g  s p e c i f i c  
r e s i s t i v i t y .  
b lank  va lue  t h a t ,  except  i n  one case,  i t  w a s  no t  p o s s i b l e  t o  c a l c u l a t e  
t h e  r e s i s t i v i t y  using t h e  r e l a t i v e l y  coa r se  tester used. 
I t  must be noted t h a t  t h e  
The 25:75 H 0: dioxane mixture  va lues  are so  c l o s e  t o  t h e  2 
No p a r t i c u l a r  t rend  w a s  observed involving r e s i s t i v i t y  as a 
f u n c t i o n  of t i m e  of ex t r ac t ion .  The f i v e  th i ckness  readings  obta ined  
f o r  each sample are gene ra l ly  r e l a t i v e l y  c l o s e  t o  each o t h e r ;  t h e  
occas iona l  high va lue  w a s  most l i k e l y  taken c l o s e  t o  one of t h e  edges 
of t h e  sample where chances of t he  mix tunning down along t h e  edge are 
g r e a t e s t .  
of e x t r a c t i o n  and r e s u l t i n g  sample th icknesses .  
I n  t h i s  case a l s o  no c o r r e l a t i o n  w a s  observed between t ime 
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I n  summary, t h i s  experiment has  shown t h a t  t h e  e x t r a c t i n g  
e f f i c i e n c y  of t he  twelve s o l u t i o n s  t e s t e d  ranges as fol lows:  water: 
dioxane -+ water:DMSO +. wate r : ace t i c  a c i d  -+ water :DMAC i n  decreas ing  or- 
de r  of e f f i c i e n c y ,  as shown by t h e  r e s i s t i v i t y  va lues  obta ined .  On the  
o the r  hand, t i m e  of immersion i n  a l l  t h e  twelve s o l u t i o n s  does n o t  s e e m  
to a f f e c t  s t rong ly  e i t h e r  s p e c i f i c  r e s i s t i v i t y  o r  t h i ckness  of coated 
and e x t r a c t e d  samples. 
i n v e s t i g a t e d  here  involving polysul fone  b inde r ,  25:75 water:dioxane i s  
t h e  most favorable  e x t r a c t i n g  medium. 
I t  would seem t h a t ,  a t  least f o r  t h e  system 
It must, however, be noted t h a t  a i r -d r i ed  (R.T.) Webril t ape  
samples ( t o t a l  t h i ckness  a f t e r  drying:  3.0 m i l s ) ,  gave r e s i s t i v i t y  
va lues  as low as those  encountered i n  the  water:dioxane case .  PUDO 193 
ce l lophane  gave s p e c i f i c  r e s i s t i v i t y  va lues  of t h e  same order  of magni- 
tude.  Comparison between t h e  " r e s i s t i v i t y  va lues"  of t he  water:dioxane, 
a i r - d r i e d  and PUDO ce l lophane  samples is ,  however, meaningless a t  t h e  
moment because of t h e  r e l a t i v e  i n s e n s i t i v i t y  of t h e  tester used. 
Figures  1 t o  2 3  i n d i c a t e  g r a p h i c a l l y  t h e  time requ i r ed  by 40% 
KOH t o  d i f f u s e  through t h e  experimental  composites mentioned above (no 
previous  KOH soaking w a s  used f o r  t hese  samples) .  
taken t o  show t h e  presence of g ross  d e f e c t s  i n  t h e  membranes, and t o  
i n d i c a t e  whether i on  t r a n s f e r  i s  too slow f o r  t h e  r equ i r ed  a p p l i c a t i o n .  
This  parameter i s  
Three classes of condi t ions  observable  from t h e  r e s u l t s  ob- 
t a ined  are d i s t ingu i shed :  
1. F a s t  d i f f u s i o n .  This  i s  t h e  p r e d i c t a b l e  case of ba re  
Webril ,  and t h e  case of t h e  samples e x t r a c t e d  i n  
25:75 H 0:dioxane (30, 120 and 360 minutes e x t r a c t i o n ,  
Figs .  1, 13,  14, 15) .  These samples,  i n c i d e n t a l l y ,  
gave t h e  b e s t  r e s i s t i v i t y  va lues ,  bu t  they a lso w e r e  
r e l a t i v e l y  t h i n ,  which might account p a r t i a l l y  f o r  
t h e i r  f avorab le  p r o p e r t i e s ;  a b o r d e r l i n e  case  is  given 
by a sample e x t r a c t e d  i n  25:75 H 0:DMSO (30 minutes  






















* I  
2. Medium d i f f u s i o n .  I n  this case a pH near  O r  above 
13 is  g e n e r a l l y  n o t  reached i n  less  than  about 30 
minutes of d i f fus ion .  These cases and t h e  one above 
are cha rac t e r i zed  by a r ap id  rise of pH a t  t h e  be- 
g inning  of t h e  experiment, followed by a r a p i d l y  
f l a t t e n i n g  curve.  
are inf luenced  by the th ickness  of t h e  samples; 
t h e  curves exh ib i t i ng  t h i s  behavior  are shown i n  
Figs .  2, 3 ,  4 ,  5, 8 ,  10, 12 ,  20,23. The a i r -d r i ed  
sample f a l l s  w i t h i n  t h i s  category.  
The r e l a t i v e  s l o p e  and h e i g h t s  
3. Slow d i f f u s i o n .  A l l  t h e s e  curves are cha rac t e r i zed  
by a more o r  less prolonged i n i t i a t i o n  pe r iod  (F igs .  
6 ,  7 ,  11, 1 6 ,  1 7 ,  18,19, 21,22);  g e n e r a l l y  a f t e r  
30 minutes t h e  pH readings do n o t  go much above 10. 
The curve dep ic t ed  on Fig.  19 (6 hours  i n  75:25 
H O:dioxane, 3 . 0 8  mils )  i n d i c a t e s  t h a t  i n  10 t o  12  
minutes of exposure the re  is  p r a c t i c a l l y  no elec- 
t r o l y t e  d i f f u s i o n  through t h e  sample. I n  some cases 
(Figs .  18, 21, 22) there  appears  a small bur  d e f i n i t e  
i n i t i a l  lowering of pH i n  t h e  d i s t i l l e d  w a t e r  as a 
func t ion  of t i m e ,  followed by t h e  usua l  slow s lope .  
It  must be noted t h a t  t h e  average th i ckness  of t h e s e  
samples is  no h igher  than t h a t  of samples cha rac t e r -  
i z e d  by medium o r  f a s t  d i f f u s i o n .  To summarize t h e  
r e s u l t s  of t h e  e l e c t r o l y t e  d i f f u s i o n  t i m e  experiment,  
about 20% of a l l  t h e  samples a l low r e l a t i v e l y  f a s t  
e l e c t r o l y t e  d i f f u s i o n ,  t h e  rest of t h e  samples are 
equa l ly  d iv ided  between medium and slow d i f f u s i o n  
c h a r a c t e r i s t i c s .  
2 
This  experiment has  shown f a i r l y  conclus ive ly  t h a t  t h e  sam-  
p l e s  prepared i n  t h e  manner descr ibed above are f r e e  of g r o s s  d e f e c t s  
o r  imperfec t ions  which would al low extremely f a s t  e l e c t r o l y t e  d i f f u s i o n  
(see, f o r  example, Fig.  1 showing the e q u i l i b r a t i o n  of pH i n  both cells  
i n  less than  1 .5  minute i n  t h e  case  of b a r e  Webril) .  
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The behavior of t h e  s e t  of samples whose c h a r a c t e r i s t i c s  
f a l l  i n  t h e  "slow d i f fus ion"  i n d i c a t e s  t h a t  t h e  p o r o s i t y  i n  these  mem- 
branes is  not  s u f f i c i e n t l y  h igh  f o r  easy e l e c t r o l y t e  c i r c u l a t i o n .  The 
occas iona l  i n i t i a l  pH decrease  may i n d i c a t e  CO 
would be c l e a r l y  observable  during tests where pH changes t ake  a rela- 
t i v e l y  long time. 
contaminat ion which 2 
On the whole, t h e r e  does no t  seem t o  be a clear c o r r e l a t i o n  
between e l e c t r o l y t e  d i f f u s i o n  and e x t r a c t i o n  times o r  s o l u t i o n s .  The 
group of samples wi th  f a s t  e l e c t r o l y t e  d i f f u s i o n  i s  a l s o  t h e  one wi th  
b e s t  r e s i s t i v i t y  va lues .  The samples f a l l i n g  i n  t h e  "medium d i f fus ion"  
category have d i f f u s i o n  c h a r a c t e r i s t i c s  which are s t i l l  f avorab le ,  even 
though some of t h e s e  samples may no t  e x h i b i t  promising s p e c i f i c  resis- 
t i v i t y  c h a r a c t e r i s t i c s .  The "slow d i f fus ion ' '  samples  are probably too  
impervious t o  e l e c t r o l y t e  passage.  
3 .4 .2  Bio Rad Zi rconia  - Containing Formulations 
The procedure followed i n  t h i s  experiment is  t h e  same as set 
f o r t h  above, 
c o n s i s t i n g  of 80 grams of vacuum oven d r i e d  Bio Rad z i r c o n i a  (20-50 
mesh) and 460 g of polysu1fone:DMAC s o l u t i o n  (15% s o l i d s ,  oxide:  PS 
r a t i o  = 20:15). 
least 70 hours. 
Samples of Webril  t ape  were hand coated w i t h  a mixture  
This  mixture  had previous ly  been ba l l -mi l l ed  f o r  a t  
The shimstock k n i f e  b lade  gap w a s  aga in  set a t  3 m i l s .  
T a b l e  I1 summarizes t h e  r e s u l t s  of t h e  e x t r a c t i o n  time experi-  
ment i n  terms of s p e c i f i c  r e s i s t i v i t y .  
r e s i s t i v i t y  columns, t o  unde r l ine  t h e  e f f e c t  of p re s s ing  t h e  sepa ra to r  
samples during t h e  r e s i s t i v i t y  readings .  
Here aga in  t h e r e  are two s p e c i f i c  
A comparison between Tables I and I1 r e a d i l y  i n d i c a t e s  t h a t  
t h e  u s e  of r e l a t i v e l y  coa r se  Bio Rad oxide r e s u l t s  i n  poorer  o v e r a l l  
r e s i s t i v i t i e s .  
va lues  appear i n  both columns. 
t h e  r e s i s t i v i t y  va lues  are very  high,  a t  times beyond t h e  capac i ty  of 
t he  meter. I t  should be noted he re  t h a t ,  wh i l e  on Table  I (Report 
Only i n  25:75 water: dioxane do reasonable  r e s i s t i v i t y  
I n  t h e  g r e a t  ma jo r i ty  of t h e  o the r  cases 
-12- 
No. 12)  t h e  va lue  of t h e  KOH blank must be  sub t r ac t ed  from t h e  unpressed 
r e s i s t a n c e  va lues  t o  o b t a i n  t h e  a c t u a l  sample res i s t iv i t ies ,  i n  Table  11 
t h i s  has  a l r eady  been done. 
ab ly  c o n s i s t e n t .  
as mentioned above bu t  a i r - d r i e d  r a t h e r  than  e x t r a c t e d  are aga in  low 
(avg. 44 ohms-cm, see Report No. 1 2 ) .  
Again, t h i cknesses  of samples are reason- 
The r e s i s t i v i t y  va lues  of samples made t h e  same way 
It i s  p o s s i b l e  t h a t  a i r  o r  h e a t  drying would be t h e  b e s t  
method f o r  ob ta in ing  reproducib ly  low r e s i s t i v i t y  r e s u l t s .  
I n  t h i s  experiment as wel l  i t  w a s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  
a r e l i a b l e  t r end  involving t i m e  of immersion and r e s i s t i v i t y  v a l u e s ,  
except  i n  t h e  25:75 water:dioxane test ,  i n  which longer  e x t r a c t i o n s  
appear  t o  g i v e  lower r e s i s t i v i t y  va lues .  
F igures  24 t o  28 inc lus ive  show g r a p h i c a l l y  t h e  degree of 
t i g h t n e s s  of some s e p a r a t o r s ,  as ind ica t ed  by the  t i m e  of d i f f u s i o n  
of 40% KOH through each experimental  membrane. The air  d r i e d  sample 
e x h i b i t s  a r e l a t i v e l y  f a s t  d i f f u s i o n  t i m e  wi th  no apparent  i nduc t ion  
pe r iod  (Fig.  24). The next  t h r e e  graphs (F igs .  25, 26 and 27) i n d i c a t e  
t h a t  t h e  h igh  r e s i s t i v i t y  va lues  shown i n  Table  I1 f o r  t h e  samples 
t e s t e d  are accompanied by e leva ted  r e s i s t a n c e  t o  t h e  flow of KOH. 
t h i s  reason ,  pH readings  w e r e  next taken  only f o r  t h e  25:75'H 0:dioxane 
use ,  as shown i n  Fig.  28. I n t e r p r e t a t i o n  of t h e s e  curves g e n e r a l l y  
shows a n  agreement wi th  t h e  corresponding r e s i s t i v i t y  va lues ,  i .e . ,  t h e  
longer  t h e  e x t r a c t i o n  t i m e  t h e  g r e a t e r  t h e  permeabi l i ty  t o  KOH. 
For 
2 
I n  conclusion,  t h e  r e l a t i v e l y  l a r g e  p a r t i c l e  s i z e  of Bio Rad 
z i r c o n i a  (20-50 mesh) appears  t o  mi l i ta te  a g a i n s t  t h e  low r e s i s t i v i t y  
v a l u e s  and h igh  a l k a l i  d i f f u s i o n  va lues  r equ i r ed  of s a t i s f a c t o r y  
b a t t e r y  s e p a r a t o r s ,  a t  least  under t h e  cond i t ions  of our experiment.  
However, a 25:75 water:dioxane e x t r a c t a n t  s o l u t i o n  does y i e l d  s e p a r a t o r s  
of accep tab le  q u a l i t y .  
I 
4 .  Continuous Runs 
4.1 TAM Zirconia:  PS = 20:15 
Dried TAM z i r c o n i a  w a s  used i n  t h i s  cont inuous run;  t h e  mix, 
which w a s  l i g h t  brown because of t h e  c o l o r  a t t a i n e d  by t h e  z i r c o n i a  dur- 
ing  vacuum-oven drying,  w a s  ba l l -mi l led  f o r  48 hours  be fo re  use .  
e x t r a c t i n g  s o l u t i o n  used w a s  1 : 2  H20:dioxane. 
nominally 3 m i l s  and t h a t  a t  t h e  compression r o l l e r s  w a s  2 m i l s  i n i t i a l l y .  
The coa t ing  speed w a s  1 f t /min .  
t h e s e  condi t ions ;  however, p inholes  were v i s i b l e  a g a i n s t  t h e  hea t ing  
lamps loca ted  under t h e  t ape  between t h e  e x t r a c t a n t  ba th  and t h e  take- 
up r o l l e r s .  
The 
The gap a t  t h e  k n i f e  w a s  
The ba re  Webril t a p e  coated w e l l  under 
Af te r  taking samples from t h i s  s e c t i o n  of t h e  run,  t h e  coated 
t ape  w a s  coated aga in  wi th  a k n i f e  gap of 5 m i l s  and a r o l l e r  gap of 3 
m i l s .  The l a t t e r  r e s u l t e d  too  narrow, so  t h a t  i t  w a s  widened approx- 
imate ly  t o  4 m i l s .  The second t rea tment  removed a l l  t h e  p inholes  bu t  
i t  may have weakened t h e  o r i g i n a l  coa t  by con tac t  of t h e  l a t te r  wi th  
t h e  s o l v e n t  i n  t h e  mix during t h e  second a d d i t i o n .  
r e s i s t a n c e  of t h e  f i r s t  ba tch  of coated t a p e  (3  m i l s ,  one c o a t )  w a s  
120 ohms-cm, and t h e  average th ickness  w a s  2 .1  m i l s .  The average s p e c i f -  
i c  r e s i s t a n c e  of t h e  double coated sample w a s  190 ohms-cm and t h e  average 
th i ckness  3 . 3  m i l s .  
through both samples, i n d i c a t i n g  t h a t  t h e  s i n g l y  coated s e p a r a t o r  i s  
more permeable than t h e  doubly coated one, as i s  reasonable .  
t h e  s i n g l e  p a s s  sample may be too porous,  as shown by pH va lues .  
The average s p e c i f i c  
Figs .  29 and 30 g i v e  t h e  d i f f u s i o n  t i m e  of 40% KOH 
However, 
It w a s  concluded t h a t  making a cont inuous run  a t  a k n i f e  gap 
of 4 m i l s ,  with a r o l l e r  gap of 3 m i l s ,  would g i v e  p inhole  f r e e  separa- 
t o r  material. 
4.2 Bio Rad (20:50 Mesh): PS = 30:15 
Another continuous run  w a s  made on 2.5 inch  wide Webril  tape.  
The coa t ing  mixture  cons i s t ed  of 120 g of dry  Bio Rad z i r c o n i a  (20-50 




















t o  100 cc of DMAC, 2:l oxide:PS r a t i o ) .  
t h e  gap a t  t h e  r o l l e r  w a s  i n i t i a l l y  3 m i l s .  It w a s  found i n  t h e  course  
of t h e  experiment t h a t  t he  r o l l e r  gap w a s  too  narrow and caused t h e  
t a p e  t o  tear; t h e r e f o r e  t h e  top  r o l l e r  w a s  allowed j u s t  t o  p r e s s  on t h e  
coated t ape  by g r a v i t y .  
(1) h ighe r  oxide loading ,  (2)  d i f f e r e n t  coa t ing  speeds,  (3)  d i f f e r e n t  
e x t r a c t a n t  r a t i o s ,  and ( 4 )  g r e a t e r  k n i f e  gap than  used i n  any of t h e  
o t h e r  experiments c a r r i e d  out  s o  far .  The coa t ing  speed range w a s  from 
1 t o  6 f e e t  per  minute and t h e  e x t r a c t a n t  cons i s t ed  of 1 volume of w a t e r  
t o  t h r e e  volumes of dioxane. Four hea t ing  lamps were s i t u a t e d  near  t h e  
coa ted  t ape ,  and they e f f e c t i v e l y  d r i e d  t h e  coated t a p e  w e l l  enough so 
t h a t  t h e  r o l l e d  up t ape  d id  not  block. 
v e r s e l y  propor t iona l  t o  t h e  coat ing speed, as one might expect .  Again, 
i t  w a s  noted t h a t  i t  is imperat ive t h a t  t h e  material  i n  t h e  feed  tanks 
be a g i t a t e d  p e r i o d i c a l l y  t o  prevent t h e  oxide  from s e t t l i n g  o u t .  
The k n i f e  gap w a s  4 m i l s  and 
This  experiment i n v e s t i g a t e d  t h e  e f f e c t  of 
The speed f o r  dry ing  w a s  in-  
A t  t h e  end of t h e  run the coated s e p a r a t o r  material w a s  d i -  
vided i n t o  s e c t i o n s  coated a t  d i f f e r e n t  speeds and samples were taken 
from each s e c t i o n .  These s a m p l e s  were t e s t e d  f o r  s p e c i f i c  r e s i s t i v i t y  
and time of e l e c t r o l y t e  d i f f u s i o n  a s  usua l .  Table  111 summarizes some 
of t h e s e  r e s u l t s .  
The coated t ape  obtained a t  a speed of about  3 f e e t  pe r  minute 
seemed b e s t  as f a r  as homogeneity and appearance of coa t ing .  A t  one 
f o o t  and a t  two f e e t  pe r  minute the coa t ing  mixture  had time t o  form 
runs  down along t h e  edges of t h e  tape,  s t a r t i n g  from t h e  r e s e r v o i r  on 
t h e  k n i f e  b lades  - t h i s  ruined the  homogeneity of t h e  tape.  The s i x  
f e e t  p e r  minute coa t ing  speed w a s  too  f a s t ,  t h e  q u a n t i t y  of t h e  coa t ing  
mix tu re  i n  t h e  r e s e r v o i r  no t  being a b l e  t o  keep up wi th  t h e  passage of 
t h e  Webri l  tape.  This  r e s u l t e d  i n  occas iona l ly  s t a r v e d  s e c t i o n s .  
The d a t a  shown i n  Table 111 i n d i c a t e  t h a t  s p e c i f i c  r e s i s t i v -  
i t y  v a l u e s  of t h e  Webril  t ape  coated a t  a number of speeds a l l  f a l l  
cons iderably  below t h e  s p e c i f i c  r e s i s t i v i t y  r equ i r ed  f o r  accep tab le  
s e p a r a t o r s .  While no t rend  i s  no t i ceab le  i n  t h e  r e s i s t i v i t y  va lues ,  
-15- 
t h e  average thickness  of t h e  coated t ape  appears  t o  decrease  w i t h  in-  
c r eas ing  coat ing speed. 
h i b i t  favorable  va lues  of t h i ckness  and r e s i s t i v i t y .  
Again, t h e  hand coa ted ,  a i r  d r i e d  samples ex- 
Fig.  3 1  shows t h e  behavior  of s e p a r a t o r  samples, taken a t  
d i f f e r e n t  coat ing speeds from t h i s  continuous run,  i n  con tac t  w i th  40% 
KOH. The a i r -d r i ed  (1-3 hours)  sample e x h i b i t s  t h e  f a s t e s t  and h i g h e s t  
e l e c t r o l y t e  d i f f u s i o n  t i m e ;  i f  one n e g l e c t s  t h e  anomalous behavior  of 
t h e  sample coated a t  3.16 f t /min ,  t h e  lowest  d i f f u s i o n  is  shown by t h e  
sample  taken a t  1 f t /min .  The f i n a l  pH va lues  a t t a i n e d  by t h e  samples 
taken a t  t h e  o the r  speeds f a l l  w i t h i n  1 pH u n i t  and t h e i r  pH i n c r e a s e  
rates are similar. 
111. GENERAL CONCLUSIONS 
The results of t h e  i n v e s t i g a t i o n s  c a r r i e d  on u n t i l  now may 
be  summarized as fol lows:  
a.  Dioxane - conta in ing  e x t r a c t i n g  s o l u t i o n s ,  expec ia l ly  
the ones i n  which t h e  dioxane i s  t h e  preponderant 
i n g r e d i e n t ,  y i e l d  b a t t e r y  sepa ra to r  composites which 
have s o  f a r  shown the  b e s t  r e s i s t i v i t y  and i o n  
d i f fus ion-va lues .  This  i n d i c a t e s  t h a t  t h e  pore  s i z e  
and d i s t r i b u t i o n  of t h e s e  materials are f a i r l y  
unif  o m .  
b. Except i n  one o r  two cases, t i m e  of immersion does 
n o t  s e e m  t o  be  an  important  f a c t o r  i n  t h e  p repa ra t ion  
of s a t i s f a c t o r y  sepa ra to r  material. 
t o  t h e  f a c t  t h a t  t h e  coagu la t ion  and so lven t  leaching  
Th i s  may be  due 
a c t i o n s  are f a s t  and s imultaneous.  
c .  Air-dr ied samples coated wi th  t h e  formula t ions  used 
i n  t h e  i n v e s t i g a t i o n  of t h e  e f f e c t s  of immersion 
t i m e s  c o n s i s t e n t l y  show good r e s i s t i v i t y  and KOH 






d. Continuous runs  a t  speeds of about 3 f e e t  pe r  minute,  
us ing  a 1:3 water:dioxane e x t r a c t a n t  r a t i o  (by 
volume), a 2 : l  z i rconia :  PS r a t i o  and a 4 m i l  k n i f e  
b l ade  gap, are capable of y i e l d i n g  reproducib ly  
sepa ra to r  materials which are accep tab le  from t h e  
s p e c i f i c  r e s i s t i v i t y ,  th ickness  and e l e c t r o l y t e  
d i f f u s i o n  p o i n t s  of view. 
e. Care must be  taken i n  drawing conclusions from com- 
pa r i sons  between hand made samples and samples ob- 
t a ined  from continuous runs .  The p r o p e r t i e s  of t h e  
l a t te r  are usua l ly  and obviously more r ep roduc ib le  
than  those  of t h e  hand made samples. However, t h e  
i n v e s t i g a t i o n s  involving series of hand-made samples 
are va luab le  f o r  having ind ica t ed  t r ends  i n  so lven t  
leaching  c h a r a c t e r i s t i c s  of e x t r a c t i n g  s o l u t i o n s .  
IV. FUTURE WORK 
Higher loadings  of z i r con ia  i n  t h e  r e g u l a r  PS formula t ions  
w i l l  be  explored.  
The p o s s i b i l i t y  of doing away wi th  t h e  p r e c i p i t a t i n g  and ex- 
t r a c t i n g  s o l u t i o n s  and of using heat ing i n s t e a d  t o  eliminate t h e  so l -  
v e n t  and t o  cause po ros i ty  during continuous runs ,  w i l l  be  explored.  
Procedures w i l l  be  set  up f o r  t h e  polarographic  measurement 
of s i lver  and z i n c  ions  d i f f u s i n g  through experimental  b a t t e r y  separa- 
t o r  composites. 
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3 .16  
3 . 1 6  (duplicate) 
3 . 3 4  (begin) 




m i l s  
4 . 0  
3 . 3  
3 . 4  
3 . 4  
3 . 3  
3 . 0  




2 ,292  
2 ,292  
2 ,392  
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STANDARD: AIR-DRIED, HAND COATED SAMPLES, SAME FORMULATION 
7 1  3 . 0  2 , 1 , 1  
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Fig. 24-Electrolyte d i f fus ion ti me, 40% KOH, 2 6 O C .  A i r -d r ied  sample. 
Ave. th ickness:  2.7 mi ls ,  BioRad z i rcon ia  (20-50 mesh): 
PS rat io = 20: 15 
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Fig. 29-Electrolyte d i f fus ion  t ime, 40% KOH, 26OC.  Con t inuous  run C58-14-1, 
3 m i l  gap on  gardner  kn i fe  two spots measured. D r ied  TAM z i rconia:  PS 
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